BACKGROUND: Natural honey is widely used all over the world as a complementary and alternative medicine in various disorders including Fanconi anemia (FA). FA is a rare genetic chromosomal instability syndrome caused by impairment of DNA repair and reactive oxygen species (ROS) imbalance. This disease is also related to bone marrow failure and cancer. The aim of this study was to evaluate the cytoprotective effect of honey on mitomycin C (MMC-) induced chromosomal damage in peripheral lymphocytes from FA patients. MATERIALS AND METHODS: Treatment of these complications with alkylation agents MMC may enhance chromosomal breakage. We have evaluated the effect of honey on MMC-induced chromosomal breakage in FA blood cells using chromosomal breakage assay. The basal chromosomal breakage count was higher among FA patients than healthy subjects. RESULTS: The addition of MMC alone gave a signifi cantly higher of chromosomal breakage in FA patients than control group (P < 0.0001). Pre-treatment with honey signifi cantly inhibited breakage induced by MMC in FA patients by its antioxidant effect. CONCLUSION: Honey can prevent MMC-induced chromosomal breakage by its antioxidant effect.
Introduction
Fanconi anemia is an autosomal recessive chromosomal instability syndrome characterized clinically by developmental abnormalities, growth retardation, progressive bone marrow failure, pancytopenia, and pronounced cancer predisposition. [1, 2] The exact pathogenesis has not been elucidated until now. [3, 4] A striking cellular feature is sensitivity to DNA crosslinking agents, such as MMC and diepoxybutane (DEB). [1, 2] Indeed, elevated chromosome instability following exposure to these agents is used to aid FA diagnosis. [5] Androgen therapy can improve the outcome, [6] but side-effects, such as hepatocarcinoma and tolerance problems arise, [7] thus, bone marrow transplantation has become the only well established treatment for the pancytopenia associated with FA. [6] As addition of superoxide dismutase or catalase to FA cultured cells reduced the frequency of chromosomal aberrations. Later, Joenje et al. found that chromosomal breakage in FA cells augmented with increasing oxygen tension, thus, it was proposed that the primary defect results from a failure to tolerate oxidative stress. [8] On the other hand, antioxidants should help to counter the deleterious effects induced by oxidative stress.
Such is the case for mytomicin C (MMC) associated clastogenicity which depends on oxygen levels, [9] as this damage decreases upon addition of low molecular weight antioxidants. [10] Research indicates that honey contains numerous phenolic and nonphenolic antioxidants. [11] Darker honeys are generally higher in antioxidant content than lighter honeys. [11] [12] [13] [14] Honey has a great potential to serve as a natural food antioxidant. The antioxidant activity of honey however, varies greatly depending on the honey fl oral source. [12, 15] In several studies have shown that honeys have a rich phenolic profi le consisting of benzoic acids and their esters, cinnamic acids and their esters and fl avonoid aglycones. [16] [17] [18] [19] In general, the antioxidant capacity of honey appeared to be a result of the combined activity of a wide range of compounds including phenolics, peptides, organic acids, enzymes, and possibly other minor components. [11] Honey has been used in treatment different diseases as long ago as 2000 years. [20] 
Materials and Methods
Peripheral blood samples obtained from seven FA patients (three boys and four girls) and seven healthy control children (two boys and fi ve girls) were karyotyped.
Both groups were aged between 7.5 and 19 years. The chromosomal culture method described by Rooney and Czepulkowski. [21] Three to fi ve milliliter of sodium 
Results
Our results show that the mean spontaneous chromosomal breakage was 0.0666 ± 0.0208 in FA patients (n=7) and 0.0096 ± 0.00057 in the control group, (n=7). The difference between these two values was very signifi cant (P = 0.009) Table 1 .
The addition of MMC alone gave a signifi cantly higher of chromosomal breakage in FA than control group (P = 0.0001) Table 1 and Figure 1a 
Discussion
Oxidative stress, defi ned as an imbalance between the production of reactive oxygen species and antioxidant defense, is considered to be an important pathogenic factor in leukemia prone bone marrow diseases like FA. [22] Mohseni Meybodi and Mozdarani reported that net induced DNA damage by MMC was statistically higher and signifi cantly different (P < 0.05) in FA patients than control group. [23] This observation agrees with our results
where, the addition of MMC alone gave a signifi cant higher of chromosomal breakage in FA than control group (P 0.0001). non FA (MMC negative) patients showed no clinically signifi cant differences. [24] Many studies reported the genoprotective effect by enzyme supplementation or antioxidants. [25] [26] [27] However, a single report describes a reduction of chromosomal instability in a FA patient treated with a diet rich in antioxidants for these individuals. [28, 29] Honey has been found to have a signifi cant antioxidant content, [30] measured as the capacity of honey to scavenge free radicals, the antioxidant activity of honey has also been demonstrated. [31] The formation of the oxidant peroxide radical is catalyzed by metal ions such as iron and copper, and sequestering of these metal ions in complexes with organic molecules is an important antioxidant defense system. [32] Flavonoids (C 6 -C 3 -C 6 system) and other polyphenols, common constituents of honey, will do this. [33] The signifi cant antioxidant effect of honey against damages induced by both water soluble and hydrophobic exogenous oxidants suggests that the ether fraction, owing to its lipophilic character, can interact with red blood cell membrane, and the protective effect can be associated with the binding of the fl avonoids to the membrane. [34] These give an explanation for our observation, the basal chromosomal breakage count was higher among FA patients than healthy subjects and the addition of MMC alone gave a signifi cantly higher of chromosomal breakage in FA patients than control group (P < 0.0001). While pre-treatment with honey signifi cantly inhibited breakage induced by MMC in FA patients and control group by its antioxidant effect. Also, Akbulut et al. [35] observed that, signifi cant correlations were obtained between the antioxidant activity of honey and phenolic contents. Mahgoub et al. [36] reported that, Honey dose dependently afforded protection against acetic acid-induced colonic damage. There was almost 100% protection with the highest dose of honey (5 g/kg) used while glucose, fructose, sucrose, maltose mixture produced no signifi cant protective effect. As similar to this result, with the different method of using honey, our results showed that the highest dose of honey which gave 100% protection against MMC-induced chromosomal breakage in FA patients was (2 ml of 10% aqueous solution of honey) in vitro.
To our knowledge, this is the fi rst study involving Honey as a cytoprotector for FA patients. We have shown that honey can prevent MMC-induced chromosomal breakage by its antioxidant effect.
